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(57) ABSTRACT

The invention includes an 1mage sensor, a shutter which
opens/closes by making a front curtain and a rear curtain
travel, a light source which illuminates the 1image sensor, a
control unit which performs control to make the front and rear
curtains travel with a predetermined time shift to form a
slit-like opening, and to make the light source emit light a
predetermined period of time after the start time of traveling
of the front and rear curtains, a detection unit which detects
the deviation between the position of an image of the recorded
slit-like opening and a predetermined reference position, a
computation unit which calculates the error between the trav-
cling start timing of the front and rear curtains on the basis of
the detected deviation, and a correction unit which corrects
the calculated error between the traveling start timing of the
front and rear curtains.
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(" SHUTTER MEASURING OPERATION FIG. 6

\ START ENERGIZING SMG1 AND SMG2 I’\—/ S101

I

| UNLOCK CURTAIN HOLDING MECHANISM}~— S102
SET SMG1 AND SMG2 ENERGIZATION 3103
OFF TIMERS AND LED EMISSION TIMER

Y
START RECORDING S104
S105~_ 1
< SHOIOFFT =
YES S106
HAS TIME VES
SET IN SMG1 TIMER
ELAPSED? S107
" [ STOP ENERGIZING SMG1
S108 JES
S109
< SMa0RFT >
— ~| TES HAS TIME VES
SET IN SMG2 TIMER
NO ELAPSED? S111

ELAPSED?

YES '
CAUSE LED TO EMIT LIGHT S113

S114
| NO HAS LED EMISSION
TIME ELAPSED?

YES
TURN OFF LED S115

11
HAS 5116

REAR CURTAIN COMPLETED
TRAVELING?

YES

| TERMINATE RECORDING |~ S117

(END OF SHUTTER MEASURING OPERATION

NO




U.S. Patent Mar. 23, 2010 Sheet 7 of 10 US 7,684,692 B2

( SHUTTER TRAVELING
ACCURAGY CORRECTION ) FI1G. 7
¥

READ RECORDED DATA S201

5202
DOES

FRONT CURTAIN POSITION
COINCIDE WITH REFERENCE

POSITION?
NO

S203
FRONT CURTAIN A SIDE

POSITION? o S206
R SIDE 204 [DETERMINE THAT START TIMING OF TRAVELING
| DETERMINE THAT START TIMING OF TRAVELING| LU FRONT CURTAIN NEEDS TO BE DELAYED
OF FRONT CURTAIN NEEDS TO BE QUICKENED Y S207
So0r |DETERMINE DEVIATION TIME FROM DEVIATION
. AMOUNT WITH RESPECT TO REFERENCE

DETERMINE DEVIATION TIME FROM DEVIATION
AMOUNT WITH RESPECT TO REFERENCE

YES

COMPUTE FRONT CURTAIN TRAVELING TIMER TIME |~ S208

STORE FRONT CURTAIN TRAVELING TIMER TIME S209
-
S210

DOES
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COINGIDE WITH REFERENCE

POSITION?
NO

S211
REAR CURTAIN C SIDE
POSITION? 5214
D SIDE 212 [DETERMINE THAT START TIMING OF TRAVELING
DETERMINE THAT START TIMING OF TRAVELING] L2 REAR CURTAIN NEEDS TO BE DELAYED

OF REAR CURTAIN NEEDS TO BE QUICKENED N S215
! "~ 5213 |DETERMINE DEVIATION TIVE FROVI DEVIA lON‘
DETERMINE DEVIATION TIME FROM DEV AMOUNT WITH RESPECT TO REFERENCE

JATION
AMOUNT WITH RESPECT TO REFERENCE
.-.‘ w——

COMPUTE REAR CURTAIN TRAVELING TIMER TIME 5216

| STORE REAR CURTAIN TRAVELING TIMERTIME |~ S217

C END OF SHUTTER TRAVELING
ACCURACY CORRECTION
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CAMERA WITH SHUTTER SPEED
DETECTION AND CORRECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique of detecting,
and correcting the traveling accuracy of the shutter of a cam-
era.

2. Description of the Related Art

Conventionally, as disclosed in Japanese Patent Applica-
tion Laid-Open No. 6-208157, there 1s known a camera hav-
ing a function of measuring the traveling accuracy of shutter
curtains by measuring the passage times of the shutter cur-
tains using an LED as a light source and a phototransistor
which receives light from the LED.

In the camera disclosed 1n Japanese Patent Application
Laid-Open No. 6-208157, the light source and the light
receiving umt need to be arranged outside the opening of the
shutter used for recording, and hence the size of the shutter
becomes large. In addition, since measurement 1s not made on
a portion of the shutter which 1s actually used for recording,
suificient accuracy cannot be obtained.

SUMMARY OF THE INVENTION

The present invention has therefore been made in consid-
eration of the above problems, and has as its object to measure
the traveling accuracy of shutter curtains more accurately and
correct the traveling accuracy of the shutter curtains with
higher accuracy.

In order to solve the above problems and achieve the above
object, according to a first aspect of the present invention,
there 1s provided a camera comprising an image sensor which
photo-electrically converts an object image and outputs an
image signal, a shutter which 1s placed in front of the image
sensor and opens/closes by making a front curtain and a rear
curtain travel, a light source which 1s placed in front of the
shutter and 1lluminates the image sensor, a control unit which
controls the image sensor, the shutter, and the light source so
as to make the front curtain and the rear curtain travel with a
predetermined time shift to form a slit-like opening between
the front curtain and the rear curtain, and make the light
source emit light a predetermined period of time after a start
time of traveling of the front curtain and the rear curtain to
expose the image sensor through the slit-like opening, a
detection unit which detects a deviation between a position of
an 1mage o the slit-like opening captured by the image sensor
and a predetermined reference position, a computation unit
which calculates an error between a traveling start timing of
the front curtain and a traveling start timing of the rear curtain
on the basis of the deviation detected by the detection unit,
and a correction umt which corrects the error between the
traveling start timing of the front curtain and the traveling
start timing of the rear curtain which is calculated by the
computation unit.

According to a second aspect of the present invention, there
1s provided a camera which allows a light source which emits
light 1nto the camera to be mounted on a lens mount on which
a lens 1s to be mounted, comprising an 1mage sensor which
photo-electrically converts an object image and outputs an
image signal, a shutter which 1s placed 1n front of the image
sensor and opens/closes by making a front curtain and a rear
curtain travel, a control unit which controls the image sensor,
the shutter, and the light source so as to make the front curtain
and the rear curtain travel with a predetermined time shiit to
form a slit-like opening between the front curtain and the rear
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curtain, and make the light source emait light a predetermined
period of time after a start time of traveling of the front curtain
and the rear curtain to expose the image sensor through the
slit-like opening, a detection unit which detects a deviation
between a position of an 1mage of the slit-like opening cap-
tured by the image sensor and a predetermined reference
position, a computation umt which calculates an error
between a traveling start timing of the front curtain and a
traveling start timing of the rear curtain on the basis of the
deviation detected by the detection unit, and a correction unit
which corrects the error between the traveling start timing of

the front curtain and the traveling start timing of the rear
curtain which 1s calculated by the computation unait.

According to a third aspect of the present invention, there 1s
provided a camera comprising an image sensor which photo-
clectrically converts an object 1mage and outputs an image
signal, a shutter which 1s placed 1n front of the 1mage sensor
and opens or closes by causing at least one of a front curtain
and a rear curtain to travel, a light source which 1s placed 1n
tront of the shutter and 1lluminates the 1image sensor, a control
unit which causes the light source to emit light a predeter-
mined period of time after a start time of traveling of the at
least one of the front curtain and the rear curtain and the image
sensor to capture a traveling state image of the at least one of
the front curtain and the rear curtain, a detection unit which
detects a deviation between a position of the traveling state
image captured by the image sensor and a predetermined
reference position, and a correction-unit which corrects the
traveling start timing of the at least one of the front curtain and
the rear curtain on the basis of the deviation detected by the
detection unit.

According to a fourth aspect of the present invention, there
1s provided a camera which allows a light source which emits
light 1nto the camera to be mounted on a lens mount on which
a lens 1s to be mounted, comprising an 1image sensor which
photo-electrically converts an object image and outputs an
image signal, a shutter which 1s placed 1n front of the image
sensor and opens or closes by causing at least one of a front
curtain and a rear curtain to travel, a control unit which causes
the light source to emit light a predetermined period of time
after a start time of traveling of the at least one of the front
curtain and the rear curtain and the image sensor to capture a
traveling state image of the at least one of the front curtain and
the rear curtain, a detection unit which detects a deviation
between a position of the traveling state 1mage captured by
the image sensor and a predetermined reference position, and
a correction unit which corrects the traveling start timing of
the at least one of the front curtain and the rear curtain on the
basis of the deviation detected by the detection unait.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing the schematic
arrangement ol a camera according to the first embodiment of
the present invention;

FIG. 21s a block diagram showing a control system for only
a portion of the camera of the first embodiment which 1s
associated with the present invention;

FIG. 3 1s a view for explaining a shutter drive circuit in FIG.
2 1n detail;

FIGS. 4A to 4D are views showing the operation of the
camera according to the first embodiment;
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FIG. 5 1s a timing chart showing the drive timings of a
shutter and light source 1n the shutter measuring operation of
the camera according to the first embodiment;

FI1G. 6 15 a flowchart showing the operation of a control unit
for performing the operation shown in FIG. 5;

FI1G. 7 1s a flowchart showing the shutter traveling accuracy
correcting operation of the control unit;

FIGS. 8A and 8B are views showing the relationship
between recorded 1images and the traveling accuracy of the
shutter:

FIG. 9 1s an enlarged view showing a portion near an image
sensor to explain the principle of dust detection; and

FI1G. 10 1s a view showing the schematic arrangement of a
camera according to the second embodiment of the present
invention.

DESCRIPTION OF THE EMBODIMENTS

The preferred embodiments of the present invention will be
described 1n detail below with reference to the accompanying
drawings.

First Embodiment

FIG. 1 1s a cross-sectional view showing the schematic
arrangement of a camera according to the first embodiment of
the present invention.

Referring to FI1G. 1, reference numeral 1 denotes a camera
body; 2, an interchangeable lens which 1s detachably
mounted on the camera body 1; 3, a photographing lens built
into the interchangeable lens 2; 4, a diaphragm for controlling
the amount of light passing through the photographing lens 3;
5, a main mirror for reflecting light passing through the pho-
tographing lens 3 and guiding the light to the finder; 6, a
screen for projecting an object image upon receiving light
from an object through the main mirror 3; 7, a pentagonal roof
prism for guiding the image projected on the screen 6 onto the
operator side; 8, an eyepiece lens for the observation of the
image projected on the screen 6; and 9, a shutter for performs-
ing exposure control with respect to light entering through the
photographing lens 3 at the time of recording or light emitted
from a light source 11. This shutter comprises two types of
light-shielding members, namely a front curtain and a rear
curtain. The shutter 1s configured to shield light by using
either the front curtain or the rear curtain 1n accordance with
a state, for example, a state before exposure or a state after
exposure, and to make both the front curtain and the rear
curtain open at the time of exposure so as to pass light.
Reference numeral 10 denotes an 1image sensor such as a CCD
or CMOS sensor which converts light entering through the
photographing lens 3, the shutter 9, or the like or light emitted
from the light source 11 1nto an electrical signal; 11, a light
source such as an LED, a lamp, a discharge lamp, and the like
which 1s placed at a position where i1t can apply light to the
image sensor 10 through the shutter 9; and 12, a projection
lens for guiding light from the light source 11 to the shutter 9
and the image sensor 10.

FIG. 2 1s ablock diagram showing a control system for only
a portion of the camera according to the first embodiment
which 1s associated with the present invention.

Referring to FIG. 2, reference numeral 13 denotes a control
unit comprising a microcomputer for controlling the overall
camera; and 14, an 1image processing unit for performing the
recording control of the image sensor 10, reading out an
image signal photo-electrically converted by the 1mage sen-
sor 10, and digitalizing the signal to generate a digital image
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signal. The 1image processing unit 14 connects to the control
umt 13, and hence the generated digital image signal 1s also
sent to the control unit 13.

Reference numeral 15 denotes a nonvolatile memory such
as an EEPROM or a Flash ROM connected to the control unit
13. This memory stores various kinds of information which
the control unit 13 uses to control the camera. Note that the
nonvolatile memory 15 directly connects to the control umit
13 1n this embodiment, but may be built 1n the control unit 13.
In addition, a storage means other than the nonvolatile
memory 15 may store various kinds of information for con-
trolling the camera.

Retference numeral 16 denotes a shutter drive circuit which
connects to the control unit 13 and 1s used to make the front
curtain and rear curtain of the shutter 9 travel 1n accordance
with control signals from the control unit 13. The shutter drive
circuit 16 and the control unit 13 constitute a shutter drive
means.

Retference numeral 17 denotes an LED drive circuit for the
light source (an LED 1n this embodiment) 11. The LED drive
circuit 17 connects to the control unit 13 and constitutes an
LED drive means, together with the control unit 13.

FIG. 3 1s a view for explaining the shutter drive circuit 16
in FIG. 2 1n detail.

Referring to FIG. 3, reference numeral 18 denotes a shutter
drive power supply built mnto the camera body; 19, the coil of
a front curtain drive electromagnet for driving the front cur-
tain of the shutter 9. One end of this coil connects to the
shutter drive power supply 18. Reference numeral 20 denotes
the coil of a rear curtain drive electromagnet for driving the
rear curtain of the shutter 9. One end of this coil connects to
the shutter drive power supply 18. Reference numeral 21
denotes a front curtain drive transistor which connects to one
end of the co1l 19, ground, and control unit 13 and controls the
energization of the coil 19 1n accordance with a control signal
from the control unit 13; and 22, a rear curtain drive transistor
which connects to one end of the coil 20, ground, and control
unit 13 and controls the energization of the coil 20 1n accor-
dance with a control signal from the control unit 13. The coils
19 and 20 are configured to attract/fix the curtains of the
shutter 1n the energized state and make the curtains of the
shutter travel by being deenergized. The shutter also com-
prises a lock mechanism which mechanically fixes the shutter
curtains so as not to make them travel even 1n the deenergized
state. The shutter 1s configured to make the front curtain and
the rear curtain sequentially start traveling by starting ener-
gizing the coils 19 and 20 immediately before shutter curtain
traveling, unlocking the above lock mechanism, and sequen-
tially energizing the coils. The front curtain and the rear
curtain are made to travel basically in the order named. In a
high-speed shutter operation, however, the rear curtain and
the front curtain may be made to travel in the order named due
to the difference in traveling characteristics between the shut-
ter curtains.

FIGS. 4A to 4D are views showing the operation of the
camera according to this embodiment. FIG. 4A shows a state
wherein the shutter 9 1s closed before exposure, and light 1s
shielded by the front curtain. In this state, since the LED 11
emits no light, no exposure 1s performed on the 1image sensor
10.

FIG. 4B 1s a view showing a state wherein the control unit
13 and the shutter drive circuit 16 start operating the shutter 9.
In the state 1n FIG. 4B, the front curtain 1n the light-shielding
state starts traveling, and the rear curtain 1s kept open. There-
fore, the shutter 9 1s open 1n the form of a slit. In this case as
well, since the LED 11 emits no light, no exposure 1s per-
formed on the image sensor 10. Therefore, the shutter 9 1s
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open 1n the form of a slit. In this case as well, since the LED
11 emits no light, no exposure 1s performed on the image
sensor 10.

FI1G. 4C 15 a view showing a state wherein the rear curtain
starts traveling and shielding light after the lapse of a prede-
termined period of time since the control unit 13 and the
shutter drive circuit 16 started operating the shutter 9 and
making the front curtain started traveling. At this time, the
front curtain has not finished traveling, and only a portion
near the center of the shutter 9 1s open 1n the form of a slit.
When the control unit 13 and the LED drive circuit 17 cause
the LED 11 to emuit light for a predetermined period of time at
this time, light from the LED 11 exposes the portion near the
center of the 1mage sensor 10 through the opening of the
shutter 9.

FI1G. 4D 1s a view showing a state wherein the front curtain
of the shutter 9 has finished traveling, and the rear curtain 1s
traveling for light shielding. In this case as well, the shutter 9
1s open 1n the form of a slit. In this state, since the LED 11

emits no light, no exposure 1s performed on the 1image sensor
10.

Letting the LED 11 emat light while a portion near the
center of the shutter 9 1s open 1n the form of a slit makes the

LED expose only part of the image sensor 10, more specifi-
cally, the portion near the center.

FIG. 5 1s a view showing the drive timings of the shutter
and light source 1n performing the shutter measuring opera-
tion of the camera according to this embodiment.

Referring to FIG. 5, SMG1 indicates the energization state
of the coil 19 for driving the front curtain, and SMG2 1ndi-
cates the energization state of the coil 20 for driving the rear
curtain. In addition, LED indicates the energization state of
the LED 11, and “front curtain” and “‘rear curtain” respec-
tively indicate the open/closed states of the front curtain and
the open/closed state of the rear curtain.

Attiming A i FIG. 5, the camera starts energizing the coil
19 for driving the front curtain and the coil 20 for driving the
rear curtain. During transition from timing A to timing B, the
shutter curtain lock mechamism (not shown) 1s unlocked. At
timing B, the camera stops energizing the coil 19 for driving,
the front curtain, and the front curtain of the shutter 9 starts
traveling. As the front curtain of the shutter 9 starts traveling,
the closed state, 1.e., the light-shielding state, starts shifting to
the open state at tlmmg C. At ttiming D, the camera stops
energizing the coil 20 for driving the rear curtain, and the rear
curtain of the shutter 9 starts traveling. As the rear curtain of
the shutter 9 starts traveling, the open state starts shifting to
the closed state at timing E, thus starting light shielding. At
this time, since the rear curtain shifts to the closed state as the
front curtain shifts to the open state, a portion of the shutter
opens 1n the form of a slit between the front curtain and the
rear curtain, thereby performing slit exposure.

At timing F, the camera starts energizing the LED 11, and
the LED starts emitting light. At timing G, the camera stops
energizing the LED 11, and the LED stops emitting light.

In the mterval between timings F and G, since the LED 11
1s turned on while the shutter 9 1s open 1n the form of a slit, the
LED 11 applies light to only a portion of the image sensor 10
which corresponds to the slit-like opening of the shutter 9,
thereby performing slit exposure.

At timing H, the front curtain of the shutter 9 completes
traveling and 1s fully open. At timing I, the rear curtain of the
shutter 9 completes traveling and 1s fully closed to shield
light, and the recording operation ends.

FIG. 6 1s a flowchart showing the operation of the control
unit 13 for performing the operation shown in FIG. 5.
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First of all, 1n step S101, the control umt 13 starts energiz-
ing the front curtain drive coil 19 and rear curtain drive coil 20
of the shutter 9 by outputting energization signals to the
transistors 21 and 22. The process then advances to step S102.

In step S102, the control umit 13 unlocks a lock (not shown)
to prevent the shutter curtains from traveling while deener-
g1zing the front curtain drive coil 19 and rear curtain drive coil
20 of the shutter 9. The process then advances to step S103.

In step S103, the control unit 13 sets energization OFF
times 1n energization OFF timers for measuring the timings at
which the front curtain drive coil 19 and rear curtain drive coil
20 of the shutter 9 are deenergized. The control unit 13 then
sets an emission timing and time 1n an LED emission timer for
measuring the timing at which the LED 11 1s turned on and
the emission time of the LED. The process then advances to
step S104. Note that the nonvolatile memory 15 stores various
kinds of set timings and times used 1n this operation.

In step S104, the control unit 13 controls the 1mage pro-
cessing unit 14 to make the image sensor 10 start recording
operation. The process then advances to step S105.

In step S105, the control unit 13 determines whether the
energization of the front curtain drive coil 19 1s OFF. IT YES
in step S105, the process advances to step S109. If NO 1n step
S105, the process advances to step S106.

In step S106, the control unit 13 determines whether the
time set 1n the energization OFF timer for the front curtain
drive co1l 19 1n step S103 has elapsed. I YES in step S106, the
process advances to step S107. If NO 1n step S106, the pro-
cess advances to step S108.

In step S107, the control unit 13 deenergizes the front
curtain drive coil 19. The process then advances to step S108.

In step S108, the control unit 13 determines whether the
energization of the rear curtain drive coil 20 1s OFF. If YES 1n
step S108, the process returns to step S105. If NO 1n step
S108, the process advances to step S110.

In step S110, the control unit 13 determines whether the
time set in the energization OFF timer for the rear curtain
drive curtain in step S103 has elapsed. ITYES 1n step S110, the
process advances to step S111. I NO 1n step S110, the pro-
cess returns to step S103.

In step S111, the control unit 13 deenergizes the rear cur-
tain drive coil 20. The process then returns to step S105.

In step S109, the control unit 13 determines whether the
energization of the rear curtain drive co1l 20 1s OFF. T YES 1n
step S109, the process advances to step S112. I NO 1n step
S109, the process advances to step S110.

With the above operation, the front curtain and rear curtain
of the shutter 9 each start traveling when the corresponding
coil 1s deenergized a predetermined period of time after the
start of energization of the coil.

In step S112, the control unit 13 determines whether the
time set 1n the LED emission timer for measuring an LED
emission timing 1n step S103 has elapsed. ITYES in step S112,
the process advances to step S113. If NO 1n step S112, the
process repeats step S112.

In step S113, the control unit 13 controls the LED drive
circuit 17 to make the LED 11 emat light. The process then
advances to step S114.

In step S114, the control unit 13 determines whether the
LED emission time set 1n step S103 has elapsed. ITf YES 1n
step S114, the process advances to step S115. I NO 1n step
S114, the process repeats step S114.

In step S115, the control unit 13 controls the LED drive
circuit 17 to turn off the LED 11. The process then advances
to step 5116.

In step S116, the control unit 13 determines by using a rear
curtain traveling completion detection means (not shown)
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whether the rear curtain of the shutter has completed travel-
ing. ITYES 1n step S116, the process advances to step S117. If
NO 1n step S116, the process repeats step S116.

In step S117, the control unit 13 controls the 1mage pro-
cessing unit 14 to complete the recording operation of the
image sensor 10 and terminate the shutter measuring opera-
tion.

FIGS. 7, 8A, and 8B are views for explaining the operation
ol measuring and correcting the operation of the shutter 9
from the 1image recorded by the image sensor 10 by using the
shutter measuring operation shown 1n FIGS. 4A to 4D, §, and
6. F1G. 7 1s a flowchart showing the operation of the control
unit 13. FIGS. 8A and 8B are views showing the relationship
between the recorded 1mages and the traveling accuracy of
the shutter 9. The white portions are portions exposed with
light from the LED 11.

Correcting operation for the traveling accuracy of the shut-
ter will be described with reference to the flowchart of FIG. 7.

First of all, in step S201, the control unit 13 reads out the
recorded data captured by shutter measuring operation from
the 1image sensor 10 and 1mage processing unit 14. The pro-
cess then advances to step S202.

In step S202, the control unit 13 determines the position of
the front curtain of the shutter at the time of emission of light
from the LED 11 from the recorded data read in step S201. If
the front curtain 1s at a reference position, the process
advances to step S210. I the front curtain deviates from the
reference position, the process advances to step S203.

In determining the position of the front curtain, the control
unit 13 detects the position of the front curtain at the time of

emission of light from the LED shown 1n FIG. 8A (which
corresponds to the boundary portion between the white por-

tion and the black portion 1n FIG. 8A).

In step S203, the control unit 13 determines whether the
position of the front curtain deviates to the A side or B side in
FIG. 8A. If the position of the front curtain deviates to the A
side, the process advances to step S206. I the position of the

front curtain deviates to the B side, the process advances to
step 5204.

In step S204, the front curtain of the shutter deviates from
the predetermined position to the B side, and the control unit
13 determines that the start timing of traveling of the front
curtain needs to be quickened to locate the front curtain at the
predetermined reference position. The process then advances
to step S205.

In step S203, the control unit 13 determines the deviation
time of the front curtain of the shutter from the deviation
amount between the reference position and the measured

position of the front curtain. The process then advances to
step 5208.

In step S206, the front curtain of the shutter deviates from
the predetermined position to the A side, and the control unit
13 determines that the start timing of traveling of the front
curtain needs to be delayed to locate the front curtain at the
predetermined reference position. The process then advances

to step S207.

In step S207, the control unit 13 determines the deviation
time of the front curtain of the shutter from the deviation
amount between the reference position and the measured
position of the front curtain. The process then advances to

step S208.

In step S208, the control unit 13 computes a new traveling
timer time for the front curtain of the shutter from the devia-
tion time detected in steps S205 and S207 and the front
curtain traveling timer time used 1n shutter measuring opera-
tion. The process then advances to step S209.

10

15

20

25

30

35

40

45

50

55

60

65

8

In step S209, the control unit 13 stores the front curtain
traveling timer time computed 1n step S208 1n the nonvolatile
memory 15. The process advances to step S210.

In step S210, the control unit 13 determines the position of
the rear curtain of the shutter at the time of emission of light
from the LED 11 from the recorded data read 1n step S201. If
the rear curtain 1s located at the reference position, the control
unit 13 terminates the shutter measurement. If the position of
the rear curtain deviates from the reference position, the pro-
cess advances to step S211.

In determining the position of the rear curtain, the control
unit 13 detects the position of the rear curtain at the time of
emission of light from the LED shown in FIG. 3B (which
corresponds to the boundary portion between the white por-
tion and the black portion 1n FIG. 5B).

In step S211, the control unit 13 determines whether the
position of the rear curtain deviates to the C side or D side
shown 1n FIG. 8B. If the position of the rear curtain deviates
to the C side, the process advances to step S214. If the position
of the rear curtain deviates to the D side, the process advances
to step S212.

In step S212, the rear curtain of the shutter deviates from
the predetermined position to the D side, and the control unit
13 determines that the start timing of traveling of the rear
curtain needs to be quickened to locate the rear curtain at the
predetermined reference position. The process then advances
to step S213.

In step S213, the control unit 13 determines the deviation
time of the rear curtain of the shutter from the deviation
amount between the reference position and the measured
position of the rear curtain. The process then advances to step
S216.

In step S214, the rear curtain of the shutter deviates from
the predetermined position to the C side, and the control unit
13 determines that the start timing of traveling of the rear
curtain needs to be delayed to locate the rear curtain at the
predetermined reference position. The process then advances
to step 5213.

In step S2135, the control unit 13 determines the deviation
time of the rear curtain of the shutter from the deviation
amount between the reference position and the measured
position of the rear curtain. The process then advances to step
S216.

In step S216, the control unit 13 computes a new traveling
timer time for the rear curtain of the shutter from the deviation
time detected 1n steps S213 and S215 and the rear curtain
traveling timer time used in shutter measuring operation. The
process then advances to step S217.

In step S217, the control unit 13 stores the rear curtain
traveling timer time computed 1n step S216 1n the nonvolatile
memory 15, and terminates the traveling accuracy correction
for the shutter.

According to this embodiment, traveling accuracy correc-
tion can be performed for the shutter by the above method.

Note that 1t suflfices to use the light source 11 used 1n the
above embodiment as a light source to be used when detecting
dust adhering to the surface of the image sensor or the surface
of a low-pass filter generally placed in front of the image
sensor by using the image sensor. In this case, the embodi-
ment can perform measurement and correction for the shutter
simultaneously with dust detection.

A case wherein the light source 11 1s used to detect dust
adhering to the surface of the image sensor or the surface of
the low-pass filter will be described below.

Referring to FIG. 1, in performing dust detection, the main
mirror 5 moves up to a position 3a indicated by the broken
line to darken the interior of a mirror box 1a, and shields light
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entering through the eyepiece lens 8 of the finder. The camera
body 1 then commumnicates with the interchangeable lens 2 to
close the diaphragm 4 so as to shield light entering through
the interchangeable lens 2. The front curtain of the shutter 9
then travels to open the shutter 9.

In the state wherein external light 1s blocked 1n this manner,
while the shutter 9 1s open, the light source 11 uniformly
applies light to the image sensor 10. In this state, the image
sensor 10 accumulates charge and reads out an 1mage signal.
The image sensor 10 then detects dust adhering to the surface
of the image sensor 10 or the surface of an optical member
placed 1n front of the image sensor 10 from the 1mage signal.

FIG. 9 1s an enlarged view showing a portion near the
image sensor 10 to explain the principle of dust detection.

The 1image sensor 10 roughly comprises an 1mage sensing,
unit 10a, ceramic package 105, and cover glass 10c.

FIG. 9 shows a state wherein dust 124 1s adhering to the
surface ol a low-pass filter 119 placed in front of the cover
glass 10¢ of the image sensor 10. The dust 124 blocks 1llu-
mination light from the LED 11 to generate a shadow 125. An
output signal from a portion of the image sensor 10 which
corresponds to the shadow 1235 becomes lower 1n level than
output signals from the surrounding portions outside the
shadow. Therefore, detecting a portion from which an output
signal 1s lower 1n level makes 1t possible to detect dust adher-
ing to the low-pass filter 119.

As described above, this embodiment has the light source
placed 1n the mirror box of the camera and makes the light
source emit light when the shutter travels, thereby detecting
the positions of the curtains at the time of traveling of the
shutter by using the image sensor for recording an object
image. This makes it possible to accurately detect the opera-
tion of portions of the shutter curtains which are actually used
for recording. In addition, the light source for detecting the
traveling accuracy of the shutter can also be used as a light
source for detecting dust on the surface of the image sensor or
the surface of the optical member placed 1n front of the image
SEeNnsor.

Although the above embodiment performs shutter measur-
ing operation and shutter traveling accuracy correcting opera-
tion once, the embodiment can perform such operations a
plurality of number of times to repeat correction so as to
Improve accuracy.

If the accuracy cannot be improved even by performing
correction a plurality of number of times, 1t 15 possible to
determine that the shutter body has failed and to inhibit the
use of the camera.

With regard to the timing of traveling accuracy measure-
ment on the shutter, 1t 1s possible to perform shutter measure-
ment and correction upon notifying the user of the execution
of the operation by using a liquid crystal display unit or the
like when the user turns on/oif the main switch of the camera
or performs release operation a predetermined number of
times. Alternatively, 1t 1s possible to automatically perform
shutter measurement and correction when the user turns
on/off the main switch of the camera or performs release
operation a predetermined number of times.

Second Embodiment

FI1G. 10 1s a view showing the schematic arrangement of a
camera according to the second embodiment of the present
invention.

Referring to FIG. 10, reference numeral 31 denotes a cam-
era body; 52, a light source unit mounted on an interchange-
able lens mount which 1s detachably mounted on the camera

body 51; 53, a light source such as an LED placed in the light
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source unit 32; 54, a projection lens for guiding light emitted
from the light source 53 into the camera; and 55, a main
mirror for reflecting light entering through the lens mount
portion and guiding the light to the finder. The main mirror 55
tlips up to the position indicated by the dotted line at the time
of recording to ensure an optical path to a shutter 39 or image
sensor 60.

Reference numeral 56 denotes a screen which receives
light from an object through the main mirror 55 and projects
an object image; 37, a pentagonal roof prism for guiding the
image projected on the screen 36 onto the operator side; and
58, an eyepiece lens for the observation of the 1mage pro-
jected on the screen 56. The shutter 59 performs exposure
control on light entering through a photographing lens or the
light source unit 52 at the time of recording. This shutter
comprises two types of light-shielding members, namely a
front curtain and a rear curtain. The shutter 39 1s configured to
perform light shielding by using the front curtain or rear
curtain 1n accordance with, for example, a state before expo-
sure or after exposure, and to transmit light at the time of
exposure by setting both the front curtain and the rear curtain
in the open state. The 1image sensor 60 1s, for example, a
CMOS sensor or CCD, which converts light entering from the
photographing lens or the light source unit 32 through the
shutter 59 into an electrical signal.

The light source unit 32 connects to the microcomputer 1n
the camera when being mounted on the interchangeable lens
mount of the camera body 51 so as to allow control on the
light source 53 from the microcomputer.

The arrangement and operation of the second embodiment
are the same as those of the first embodiment except for the
position of the light source, and hence a description thereof
will be omitted.

As has been described above, the above first and second
embodiments each have the light source placed 1n the mirror
box of the camera or on the interchangeable lens mount and
cause the light source emit light when the shutter travels,
thereby detecting the positions of the curtains at the time of
traveling of the shutter by using the image sensor for record-
ing an object image. This makes 1t possible to accurately
detect the operation of portions of the shutter curtains which
are actually used for recording and omit a light-receiving
clement.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2006-001730, filed Jan. 6, 2006, which 1s
hereby incorporated by reference herein in 1ts entirety.

What 1s claimed 1s:

1. A camera comprising:

an 1mage sensor which photo-electrically converts an
object image and outputs an 1mage signal;

a shutter which 1s placed 1n front of said image sensor and
opens/closes by making a front curtain and a rear curtain
travel;

a light source which 1s placed 1n front of said shutter and
illuminates said 1mage sensor;

a control unit which controls said image sensor, said shut-
ter, and said light source so as to make the front curtain
and the rear curtain travel with a predetermined time
shift to form a slit-like opening between the front curtain
and the rear curtain, and make said light source emait
light a predetermined period of time after a start time of
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traveling of the front curtain and the rear curtain to
expose said 1image sensor through the slit-like opening;

a detection unit which detects a deviation between a posi-
tion of an 1mage of the slit-like opening captured by said
image sensor and a predetermined reference position;

a correction unit which corrects the traveling start timing of
the front curtain and the traveling start timing of the rear
curtain on the basis of the deviation detected by said
detection unit; and

a dust detection unit which detects dust adhered on a sur-
face of an optical member which 1s arranged on a front
surface of said image sensor or in front of said image
sensor, based on an output signal which 1s output from
said 1mage sensor when said shutter 1s opened and said
light source emits light,

wherein said 1mage sensor 1s exposed only when said light
source emits light 1n a case that a detection operation of
said detection unit 1s performed and said image sensor 1s
exposed only when said light source emits light 1n a case
that a dust detection operation of said dust detection unit
1s performed.

2. The camera according to claim 1, wherein the traveling
start timing of the front curtain and the traveling start timing
of the rear curtain are corrected concurrently with operation
of detecting the dust.

3. The camera according to claim 2, wherein the correction
of the traveling start timings of the front and rear curtains and
the detection of dust are executed when a main switch of the
camera 1s turned on or off

4. The camera according to claim 2, wherein the correction
of the traveling start timings of the front and rear curtains and
the detection of dust are executed when the camera performs
shooting a predetermined number of times.
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5. A method of controlling a camera having an 1mage
sensor which photo-electrically converts an object image and
outputs an 1image signal, a shutter which 1s placed in front of
the 1mage sensor and opens/closes by making a front curtain
and a rear curtain travel, and a light source which 1s placed 1n
front of the shutter and illuminates the image sensor, said
method comprising the steps of:

controlling the 1image sensor, the shutter, and the light

source so as to make the front curtain and the rear curtain
travel with a predetermined time shiit to form a slit-like
opening between the front curtain and the rear curtain,
and make the light source emit light a predetermined
period of time after a start time of traveling of the front
curtain and the rear curtain to expose the image sensor
through the slit-like opening;

detecting a deviation between a position of an 1mage of the

slit-like opeming captured by the image sensor and a
predetermined reference position;
correcting the traveling start timing of the front curtain and
the traveling start timing of the rear curtain on the basis
of the deviation detected 1n said detection step; and

detecting dust adhered on a surface of an optical member
which 1s arranged on a front surface of the 1mage sensor
or 1n front of the image sensor, based on an output signal
which 1s output from said 1image sensor when said shut-
ter 1s opened and said light source emaits light,

wherein said image sensor 1s exposed only when said light

source emits light 1n a case that a detection operation 1s
performed 1n said detection step and said image sensor 1s
exposed only when said light source emits light 1n a case
that a dust detection operation 1s performed 1n said dust
detection step.
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